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Abstract 



The invention provides a gene encoding penicillin G acylase, the enzyme encoded by said gene and a 
method for the production of said enzyme by incorporating said gene in a host and bringing the same to 
expression. The gene is preferably obtained from a strain of the microorganism Alcaligenes faecalis. 
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1 

[R*©2] Alcali genes faecal 

[ R#SI 3 ] R^JR 1 Xtt 2 ^J>G7'> 

[R*^4] R^« 1 XB2E1©^S/U >G7'> 

MMtH 5 3 (E9KCX/xaMRRRB^Ift«tt 
a D >©SJ»Tfc:&*R2RJB 1 Xtt 2 ffi«0!>3tfi^Tfc 

fcR***. &*1TH* WSffiSe^. 
CR*9I6] RftJRl* 2X«5lB*©^n^U>G 

^JJLB.^Q*-*-^««*nTV^R«R6BB 

20 

8 ] R2&JB 6 Xfcfc 7 g2*CD^ ^— fc^tr# 

[R*ffl 1 0 ] &£<ft# A leal i g e n e s MXtt 
Escherichl al io ^OT*^ 9 Gtt® 

[R*« 1 1 ] m&to &A lcaligenes fa 
ecaHs Tfe 3R2&B 1 0 ffi«cr>JBf|fc&«£„ 

[R*ai 2] R*B8*»6i-i©^ma*fcBa««)» 50 

D a- KStlfcrS S R£n* 6 JfcKttKft** 

mi&k 1 4 ] baas^ tiitm&o&*m 1 3 egtot 

MtttRl 5] (1) R#J»6Xte7K«<7>DNA^* 

(id tt^»^-TiB£*mnEiftb, 

(ill) #6nfc»WHd»*^ti->flsL»R« 

[R#^l 7] Alcal igenes sch 
e r 1 ch 1 *m<Dfo&to&m$t1£iSLr*Z£&ftWLt 
T^lfcfcEl 6 

[R^JH 1 8 ] Alcal Igenes faecal 50 



> Mf4-2 2 80 7 3 

2 

ECS. 5. 1. 1 1) ^>U>GXB3 
-APA) Xti7-7^/^;*7^h*$Hr:7;rD;^ 

(7 -adc a) cD*n-eniciin*iH»-r*c!>te 

IP^6-APAR^7-ADCA^«XX^;WT 

n - r 5/jwi: t x^n^n^js&r* n - r*yjwis^x 

Vandamme, E. J. , Microbial 
Enzymes and B i o c o n v e r s i o n 
s f09Fjfc E. H. Rose (Ed.). Econo 
mic Microbiology B_, 487-55 
2 (1 9 8 0) :RtXP. B. Mahajan, App 
1. Biochem. Biotechnol. l_, 8 
3-8 6 (1 9 8 2) &&m<DZh 0 ^~->U >GRZfi 
3 -f^7t h^>t7rti^U >GcoEtT^Mt\z 
*rfflft^r-> U >G7^7-tfI^i: LT«*0D*-f 

1M*#CD«[tt % Escherichia coll. 
Kluyvera cltrophil a& r/P rot 
eus rettgerl fctPl^K QfrtPfefe-gfeS. A 
lcalgenes faecalls (PRIMES 
->3>*cD^nS/U >G7^7-figtt*tSg$nT^ 
SJl£t>3Stf6n<5 (C. A. Clave ridge 
et al. , Nature 4 7 3 3. 2 3 7-2 3 

8 (I 9 6 0)). U*>Ufcat£, Alcal i gen 
es faecal ls ^ *><OZ.(OM&&inz>&mfc^ 

JiW * 21 « rTMIC U (Maye r et a I., A 
dv. Biotechnol. 83-86 (1 

9 8 2) ) , Z.n*<D&n<D7u-tySsyzf\z-3UXV> 
#S$SS7\:Lfc (Schumacher et a 
1. , Nucleic Acids Res. 1 4. 

5713-5727 (1 98 6) • E. coll O^ 
r^U>G7->7-Wl Utttmft* >WRtL 
xm±StU C©RB#tt3Sfc*S*> (a) »*3S 
yh»tf*«V) (5) *^asy hftfMrr«^U79 

WKLfc. Kluyvera cltrophila 7 
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(3 

3 

E. coll 7->7-1f»e?<bcfc < £ t 

tfWMl/TV^ (J. L Barbero et a 
1. . Gene 49, 6 9-8 0 (1 98 6) ) , P 
roteus rettgeri ^x^U >G7 % >7- 

:x— V hfl*ffi»$ftT^£ (G. O. Daumy et 
al. , Gene 4 9, 6 9-8 0 (1 9 8 6) ; 
X*W >«pffWKN o. 8 6 0 2 9 3 3) . 

faecal 1 sfr £&Sft.5fe(PTfc;&. *9M|09!l 

*. sfcasaerpo i euion 

*ft*. *«^«S^6c. te^Rtf/Xtt«i(SiaE3aj 

B8LT*ft*$ftfc> i8E^x^y>Gr->^— tflftfi^ 
KJie^oaSfcJ:t)S6ti&^^>u>G7^^ 

E7IUXM : Alcal Uenes faecal 

ENU X h 2 : J_a_c ^D^— ^ V** HE 
fll. 

E3IUX h 3 : t r p :/P^E— ^ — CP* Utt EE 40 
90. 

EWUXh4 : p 7 8^uq&— ^WPVttYWft 
BW'JXhS : p f 3^P^Er— 9—Q>X!r\s*9'1PWft 

&?jafo A leal igenea faecal la 

5/u >gt->9-« (pac) *na#&»© 

^rifelCiDWrSJlfciSM"**, «Att. A 1 c a 1 
1 gene s f aec a 1 i s ft«**S»T# 

8, «HpH77?ttiM>ra-^ KPAS^W 50 



#($¥4-2 2 80 7 3 

mtotTZZtW&Z. ftgCD A leal i g e n e 
s f a e c a 1 i s^ ftMta^^jra. 

fBlfcWttt* xx^/Mbis^D— X-Cff^ *fcfltA 

«tasftfcT5y«E»*»&, Rfite^E^JtfcftO 
fcfcfcl/n— fcj&XT«*. A. faecal 

-if fc#«Fr* t fca*ffl*T*3ft. 2 6 k D 

i^e&^CtOTMlfc. A. f a e c a 1 i s 
p a clfiTH ^*na#:4HlJcn^T^D^V— AD 

t3ffi»$ft«, ;W?»J y H««(tlC^UTOa^OH 
^<Oj»»0!)5>«f^&^&ftfcTffi^ Tm=8 1 + 1 
6. 6 (lOglOCl) +0. 4 (%G+C) -60 
0/n-l. 5^16 (Ausubal et a 
1. , aflfft) n=?n^IfiifiCi='ft>SS 
(M) G+C=8SMt DNA-DNA/W?U^ 

tf^frftlfcftf^cDtefyB-r^Jii^Tf**. tot. 

*«ae»**trEw*tt*u *©j:5a:EWT!ttHri; 

A. f a e c a 1 1 a p a cmm&7 $ J SE^Jt. 
W6»lCgtlT^ E. col l ^n^U >G7is? — 
W75;8e?J (Schumacher et a 

13:4 3%\Zt^U^Ctffi*imVft lt 2*>\Z, K 1 uy 
vera cltrophlla o a cB*(D»ffl«7>T 
5 /»E^1 (Barbero et al. , Sfffl) t 
0«Hftt>4 4 Hfc-rifta&VDfc. A, f a e c a 1 1 

a p a ciwtt. e, c o 1 1 »^-ne»g>ya^& 

-^-Jfctf /XtttaRTtt t a c JO* t r p yp^£^ 

0^fia) . *—zsv>G7i'^i£±m<omm}*mtbT 

t^fctt^LfeS^, SMtmW A. f a e c a 1 1 s 

T7z^»B*U«)A^T*ofc B t rp ^ 
-^-(OMgTl:&^ A, faecal is paciS 
fiT£WT^ E. c o l H *«. ^60R*t>^Lk:, ± 
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5 

f a e c a I i s &&^<DMmfc&&tt^>f±. r^<DS 
tettmz&Q, A. faecalis ^DNA^g 
<E&£»J£fcfr^ jfefSlfc, E. co 

£ A. faecalls ^cpj^ttBI^^^^ 
^HOffi'&ffC^^ff^Ci^^^ g§2lc, RSF 
1 0 1 0l^^U3>tca^<^7X^K^J:>5 A. f 
aecl H s oxi/xjy bp^l/— >g >^;ift^ 
ctat-e&fc (B I ORAD-$?->AM-) . A, 
faecalls Mfx?<D#ti-->!nzfcLXii. 
1^ ©g^JSffiltS C « . «1«C> A. 
faecalls pacfiEfS, ^ni#0)^o^ 
-g-cpftlglTfc&S A. faecalls frfcfra- 
XlTCS*, Mpacl^jS^A^laec 
alls £J£telTv ^>U>G7v'^- lfco^« 

*~isv>Gr*/7-<vi>m*>nit. »3ic, p S eu 

domonas aeruglnos a7y-^t3 f 3 
ft fcz:^ cd^x 1/ > K ynt^-p f 
3&tfp78 (Lulten, PhD thesis, 
Nijmegen (198 6)) 

u>G75/7- t?<z>jgsm> -ena^ox^ E. c o 1 

1 t r p ^P^-^-OffigffllT^fe^^gD aclg 
^g^TS A. faecal is ft fcfc (Pi: D t> 

^<*>frm^it&, mt)««pacief$ti, 

& V> A. faecal 1 s ffi £ JfcttT-E> £ 2fi« <* tit *3 

8£6T* K A. faecal 1 s g&ffl-T>5 £££ 
§§3TcLTV^i^ B af&ft A. faecalls (D 

>G7v-^-i?S*cD. E. coll <p-frntc 

T A, faecal i s £ (Dl^zs 0 >G7v^- if 

I8£ft. MFSL<te A leal 1 gene s X teE s c 
h e r 1 c h 1 a J jcPfft&te, £Pff$U< IS A, fa 
e c a 1 1 s » K ^ D— >T£ ftfc A. faecal i 
JL P a c»&^Srffi^L,T^^ft^^n^Tj>Gr 

A, faecalls <PJttfflWIStefr4S£ft> eft 



(4) MT4-2 2 8 0 7 3 

£&fc> C^Hg^SMa^ A. faecalls 
U >G7->7- fcfCP B. col I ^S/'J >Tv-^— £ 
i:Jt«LfcS«*e*^ai^-5CDICffi^U«:o A. f 
aecal i s ^rj/0>G7->7-tfg)^^l 
E. coll ^ S/U>G7$/7 — tfco^fti: D 

mZtlZ. BS^ffi^-y U >G7i/7-t!$fift 

t*, j eo±{c^^@^T«^-vU7-«, &mmz 

-X^*0, M«Euperglt mm) 

±fctotZ9u—->>fl5m** Man 1 at 1 s e t 
a 1 . (1 9 8 98 9, Molecular 

Cloning, Cold Spr IngHarbo 
r Laboratory) 3tteA usubel e t 
20 al. (1 9 8 7, Current Protoco 
Is in Molecular Biology, J 
ohn Wiley and Sons Inc. , N 
ewYork) XteB. Perbal (1 9 8 8, A 
Practical Guide to Mo 1 e c u 
lar Cloning, i2R John Wile 
y and Sons Inc. , New York) 
£K«2ftTl>S£5fcfT^fc« ZLtl*><D/\>}*7»t# 
Kfc r DNA4r^cO*JSRWMScO^Phn-;K 

77 o -tottmjjmmm&w&toxte? 

30 3^DNA$ — "T" — i^B >StficD^n h3 — MZ^D^X 
flfi»fcBE«LTH*. DNAS^SZffiffibfeS*}!, Tp 

3 HS^E i _coli^a-r>^i±n The P 
habagen Collect Ion (Utrech 
t) 0i5^^Wi73l/^'>3>^6A?l 

y^^jvr±^;vh - n< v-> (fa i) 

te, (Garcia e t a 1 PS) fcHB^ftT^* 
40 <fc3£P8«L&« «/K/V-MmT<Z>&9** : M6 
3§*7;*f-, 2g/l^;V3^, lmg/1 
^ 1 Omg/ I L-7uU>»VjBS^^«/IC 
(50/ig/mL ?D5A7i^3-^ (cap) X 
13:2 5/ig/ml T>tf^U> (amp) ) . 7->;UL 
- P^>(P^TTtg-«%LfcE, coli HB 1 

oi (Leu-) ©»««MWir.s/^— = brae^^^r 

ft*E* »«: 16g/l Dlfco TXs m 
BBf (bpot e element) 0. 2g/l 
50 MgSQ4. 7H! O, 10g/l KHi PO< , 
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7 

3. 6g/l Na (NHt ) HPO4 
1. 6g/l *X>»:M-U*A 
4 x L B C Igift 

##X*X2 Og/l ( ;t^hbij^h>40g/ 
1. NaC 1 10g/l, cas 75/8 (cas 
amonoacid) 4g/l, ;tV;i/H>0. 2 5 
g/1. (?8tS3D8 6-0 1 3. Ba s 1 1 don C 
hemicalCorporation), p H 7. 
Oo AF (A 1 c a H g e n e s faecali 
s) SJfif^Xl 5 g/1, Nat HPO« , 2H 
4 O 4. 5g/l, KHb POi 3. 4g/l, p 
H7. 0 («2»<B»<& : 7^M8*U^A (KP 
A) 1. Og/1) 
2xTY «JA 

16g/l /t*r-HJ7h>. 10g/l #«X* 
X, 6g/l NaCl. 7iz;V7WD'f*»tt 
LGSS, Transfer-bureau N i J m 
e ge n^RAl^. 

A. faecali si ATCC 19018 (NCT 
C 4 1 6fcbTMJK) & A. faecal Is p 

E. COll tt JM1 0 1, WK 6 H B 1 0 1 

(Phabagen, Ut recht) 

A. f a e c a 1 1 s ^x->U >7^"tf<PfagR 

A. faecali sft ATCC 19018^AF)g 

;ty77-:Tris 0. 1M pH8. 0 ; EDT 
A 0. 2mM;'J^^0. 0 2mg/m 1 ICffiB 

&isftmz£V®£V1t. ^n^U>GT^^-if (p 
ac) S2SI8T98L^ g*O<0fc<m*> 
;>WH2JUD— X (CM- 5 2Wh a tman) KcfcD 

htf^yj— (B I oge 1 HTP, B i o r ad) 

&nfcj£#&p a c tt, =t5©Sfe*^^.Xy 
/iSJlt^jnfc, ^W^ryh (a) <h;A;1r 
^-7h (£) ONHi -l*j*7:5/R#*r£fT-3 

if^-ty ha (2 6 KD a) NHa -Q-X-Q 
-X-V-E-M-X-T 

(5 9 KD a) NHz — S— N — L 
-W-S -T-X-P-E-X-V 
3&6W2 

A. f a e c a 1 i s ^r»U >7i^— tflftfe^cP 
A. faecaHB (ATCC 19 0 18) 0£D 



(5) 1^58^4-2 2 80 7 3 

^y-^DNA&*IU Sau3Afc£flgB#«fcltfif 
Ithft. 4 kbi^7 kb<D«B<0:7^^3>£»$l 
U^*— pACYl 8 4 + teje^U cn&BamH 
ITffifttfcc DNA& E, coli HBIQI^I 

• -^60»tt^D— >p AF 1 <bpAF2 
iOWSnfc. ^tlBO^n-Xt S e r r a t la 
marcescens HhWS (Me e v o 
otlsom, v. et a 1 . f Appl. Micr 
10 oblol. Blotechnol. 2 5, 3 7 2-3 
7 8 (1 9 8 7)) K±£»ttTfc»ttTfco5to pA 

fc. »»e^<0ffi«*fe£te. A, faecal Is p 
ac<^j8lf^an^h^NH« -**E#Jfc::3V>T!&» 

S Z l/tf HSpAF 1 -f Kt©/vf r/U y-Y-tf 
->3>^n-^UT«ffilfc:AGC AAC C 
TG TGG AGC A/C C/G C TGCC 
CG GAG TGC GTfflK*M±CD/Vf :/U ^< 
a? if— ->3>->^;KDfi:B^&. A. f a e c a 1 1 3 
_pac«e^<0^fRl*^Ufe (01) . 

A, f a e c a 1 i s ggj^U tfCDSB^ 

#jf£6. 4kb -T>^— h©3. 9kb Sau3A 
-Ndel^D^pac^ft*^ 3. Ik 
b Sau3A-Sphl77W>Ma#gSW5 
ZLt&^Wt (01) . 3. 9 kb-r>-9— hCDDN 
Affi^Ifik pTZ18RMpTZ19R (Parma 
30 c i a) +oa^^7^^>hcD^^>-ffi^Sfc 
<£ Dff-ofc:. A. faecal Is pac=£3-Ft 

s d n AmmRzsn & n* r ^ / wem u x m 

I^Ufc, #Sftfc7^/»ffi#l*)>S. A. f a e c a 
lis p a c »#— <D±U9> H«tfc 

^X^HpAFl^Sal n!fflftU 4. 8kb7 
^;*>r**«t»bfc, &y??*>h*+ Sal IS 

te, :/^X* FpMc 5-8 (EP-A-03 
5 1 0 2 9) _LAjC 7U*-#—*^tSy * 

>K 8WRBS SHfcRtfNde I 9 d— ~ 
&*^>1^-bT*££fcJ;&*£&lxfc (02) . E. 
co 1 1 HB 1 0 1 &*>Wt7<7 
XSKpMc TAFIA (H3) *tl&ftO?U^ 
50 -*-RV/XKVim*J & t a c r/P^-g- (D e B 
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(6) 



ttM¥4 - 2 2 8 0 7 3 



9 

oer et al. , Proc. Natl, Aca 
d. S c 1. , 8 0, 2 1 (1 9 8 3)) CDffrBTfcp 
acHin. pac<D^l^;^&S£|c&»-r5 
ftib\Z. —ZXDmtlfc E. c o 1 i ^D^^iE 
(fusion) i:«fcD7i/7-ifWS3K> 
fc^n->ft:Lfc, cco^fc, y^x = FpMcTA 
f i a<o^u^^ ^^^HfflttJtfRi*3?«asafiss 

(Stanssens et al, , 1989) 

X5HpMcTAFlANde^ 4 ZCVjyX* F 
£Nde I-WBflsUTHIBIMfcU t ac m^- 

HpMcAF tac). fficot/a^e— ^-fc-f^lf— h 
DMcTAPlNde^EcoRlMN* 

51 : B. coM 



10 



10 



AFlANde©ii!Ec oRI-Ndel 7^>/;*> 

p^-»-fli»tfr& E. coii hb ioi wzmn 

R»U P a c 05g3S^ViTK»Ufc 8 «1«> A. 
f a e c a 1 1 s ATCC 19 0 1 Sco^mu^JVh 



*r->F (IPTG) f:«fc-5lac^D^-(08» 
&tf4>P— JP7»'JJM1 ( I A A) t rp ^P 



65 



KPA 



1PTC 



pac 



A. faBcal is A TCC 19018 

A. faecal Is A TCC 19018 

P&tcAPtac 

pMcAPtac 

pMcAPtap 

pMcAPtap 



0.1 
1 

1 

17 
4 

5 



nam 5 

A. faecal 



A. faecal 1 s 



•KPA £Sfrigjfl»g> A. faecal Is ATCC I9Q1B61.0 i LT<a¥^lftli^#lfi[ 
i^rOr^X? KfeSfr g. coll BB101 *4XLBC *T 241$ WOT £ -trfco A. f 

fc. -7]s-h*a otT?-^>^^^hU a> 

RtfS«M*SI (5 0 v g/m 1 ) Rtfc a p 
(25 m g/m 1 ) £#tf«/hE* ffil^&^lK 

«S*^-^-JC«fc O E, coll jfetCO^Ti&ffiK 
"T^. #ttC A. faecal is 3PZ-$3 0Q 



**& 9 n-- > *—tw*-r -5 

Jfc. »<^€T21i^ Friedman et a 
1. , Gene _1_8, 289-296 (1 982) Id 

X^l*pKT248 (Bagdasarlan et 
al, , Gene 1 6 , 237-247 (198 
1) ) CP A, f a e c a 1 i s ^.<P 3 1Sft5El3 (t r i 
parental ma tins) #Rri6T&£2:£a* 
WW Life. -^;WW5X5KpRK20 13 (F i 
gur ski & Hel Inski, Proc. Na 
t 1. A c a d. S c i. 7 6, 1 6 4 8 (1 9 7 
9) ) fe^TT 3 E. coll M C 1061 t E. CO 
11 HB 1 0 1 (pKT2 4 8) RtfA, f ac a 1 



40 # 1/m I Xh^h7<>'>S^2xTYyi/-h 
JlIcHBS^^c A. faecal is p a c SMSTC!) 

KpKT 2 4 8 cZ> 
S a a 1 I j»fl:tCffo?5:o PpAF lOTth 

I I 1 -Hp a I7*if*>h*J|iJfU 9W-4ty 
D3**l,&. S8fclfcpKT2 4 8C5S 
a 1 I 3&fc:/^> HfcU E. col 1 HB 10 1 



97SFPKTAFA (H6) h* 
UMLfcfe ±ftUfe=1ftftg6afelC«fcP A. fae 
ij_«SSft«ct 2 xTY7#-:/W-h±t?ig'&L, 50 calls SStlfcttSA faeca 
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(7) 



«HS¥4 - 2 2 8 0 7 3 



11 



12 



«JO*ttt:«Lfc, S2#S*J*cfc5^ pKTAFA 

>f > x a. K P A * £ t * 

fcd&K* pMcAFtrp, pMcAFp f 3 Rtf p M 
c AFp7 8CD^tl-?n<DEc o R I — S a 1 I y?#* 



**>h§. EcoRI, Sal immt^29— P JR 
D215 (Davison et a 1., Gene 
5 1. 2 75-280 (1 98 7)) *fci^^D-> 
{bLfc* pJRDAFtrp. pJRDAFpf 3&Uf 
p J RD AF p 7 8 £ LT E. coli HB 10 1 
tp\Z&$tlttSz><D?a*:-~?~-mm®}&A\Z A. fa 
e c a 1 I b ATCC 190 18^:^. E*l 
£<Z>:/5XS Frt>S(Dp a cO«aSKPAC0#ftT& 
WMWn^fcWRL* (^2) o 



&2: A. fagcalla H&ft<g|fef»4 1 <e>pao 



4* 


KPA 


IAA 


PAc#a- 


PIT24B 






0. 1 


PIT24B 


+ 




1 


PITAPA 






18 


pKIAFA 


t 




22 


pJRDAPtrp 






IS 


pJRDAFtrp 




i 


19 


pJRDAFaf3 






5 
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•KPA fr^frigaftfrP A. faecalTg ATCC 19018*1.0 t L T«*ft L 
&-CV~f?xZ H*. A. faecal la ATCC jgOlB'v© 3 Hm^EIC <fc *) 3 * *: 
. :/n*-*-p7B »tfpf3 H7t-^d13 LfcCLulten. Wtfa) • Cti 



A. f a e c a 1 i s ^~~>U >y>/?— » tfo^jgft 
&T<&3MH£&;i§l/T, A. f a e c a 1 1 s 

u >T->^— tfRr/E. coii ^-->u >r->^- 

100% 

A. faecalis 45 X: 

B. coli 5K 40 X! 



OX, 5 0%&tf 0*ffitt£^TaS£8^L;fc. *2 
A. f a e c I Is fi gjgte. E, col 1 » 



50* 

58.0 t: 
54.8 1C 



oaf 

66 r 

80 «C 



E. coli 5K<DB3RWMtttt^ Productions Gesellschaft fur Biotechnologi e 
Braunschwfiii (Mayer et al., flltfJ) iDAf Lfc« 
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(8) $$fNH*4-2 2 8 0 7 3 

13 J4 

'J * > 1 

BWHo. 1 

may-: AH 
ft : *9 4?: ¥/ I v 9 

AJcaUee»e» faecal is 
W»: 1 fr&24BJ bp K 



JOG CAG AAA GCG CUT CTT GST ACC QGG CXT GTG GCC OCT GGT TTG ATC 4B 
Met Gin Ly» Oly leu Val Avg* ^ur Gly Lau V»l AX* Ala Gly Leu He 
1 5 10 15 

TTG GGT TOO OOS GGG OCA COG ACC CAC SOS CAA GIG GAG TCC GTA GAG 96 
Lou Gly Trp Ala (Sly Ala Pro Thr HI* Alt dn Val Sin sar Vttl Glu 
20 25 30 

GTG ATS 009 GAC ACT TAT GGC GTS COG CAC GTC TIT GCC GAC ACC CAC 144 
Val Met Ax? Asp S*r Tyr Gly Val Pro His Val FtlO Ala Asp Sex His 
35 40 45 

TAT GGC TIG TAT TAG GGC TAT GGT TAT GCG GTC GCC CAA CAC OCT CTG 192 

Tyr aiy r«a Tyr Tyr Gly Tyr Oly Tyr Ala val Ala Gin Asp Arg Lou 

50 53 SO 

TEC CMS MS GAG ATG GCG COT CSC TCC TIT GTC GGC ACA ACC GCC GCC 240 
fine GLr Wat Asp Met Ala Arg Arg Ser «» Val Gly Thr Thr Ala Ala 
S5 70 75 BO 

GTC TTA GGC OCT GGT GAG CAA GAT GCC TAG GTC AAG TAC CAC ATS CAG 266 

val Lea Gly Pro Gly cm Gin Aap Ala Tyr Val Lys Tyr Asp Hot Gin 
83 90 95 

GIG CCC CAG AAC TTC ACC CCS GCT TCC ATA CAS CBG CAG ATC GCG GCC 306 
Val Arg Gin Asn Ph* Thr Pro Ala Ser Tie Gin AXg Gin Ha Ala Ala 
1O0 105 110 

TTG TCC AAG GAT GAG GSC GAT ATT TIT GGT GGC TAT GCC GAT GGC TAT 384 
Lau Bar tm Asp Glu Arg Asp Tla Ptia Arg Gly Tyr Ala Asp Gly Tyr 
115 120 125 

AAC GCC TAT CTG GAG CAG GTG COS GGT CSC OCT GAG TTG CTO CCC AAA 4)2 
Asn Ala Tyr Leu Glu Gin val Axu; Arg Arg Pro Glu Lau. Leu Pro Lys 
130 135 140 
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15 



(9) 



ttM¥4-2 2 8 0 7 3 



16 



GAA TAT CPS GUT ITT GAT TTC CAC CCC GAG CCG CEG ACC GAC TIT GAT 
Glu Tyr Vol Asp Phe Asp Phe Gin Pro Glu Pro Leu Thr Acp Pho Aep 
145 150 195 160 

GTG GTC ATO AtC TOG GTG GGC ICC ATS GCC AAT OGC TIC TOC GAC AC6 
Val Val Mat lie Trp Val Gly 5«r K*t Ala Ann Ar? Phs Bar Asp Thr 
165 170 173 



480 



AAT CIG GAA GTG AOS BCA CXG 

Aan Lau Glu Val Thr Ala Lou 

180 



GAC 

Bis 



AAT 
Asn 



Lys 
225 

OCA 



Ar* 
O0C 



TTT 
Eh* 



GCC 

Ala 

305 
Lau 



CAA 
oln 



GCC CCG GAA 

Gly Pro Glu 

ids 

GAC ACA ACA 
Acp The Thr 
210 

CCS CAG GCA 

Pro Gin Ala 



CTA CTG GCT 
Val Leu Ala 



G3C CCG GAC 

oly Pro Asp 

260 

GAG CCA GTG 
Glu Arg Val 
275 

GGC TGB TAC 

Gly Trp Tyr 

290 

GSC TTC GAT 
Gly Pbfi ASp 



CGA GGC 

at* Gly 



COT 
Aig 



GOC ATG 

Ala Mat 

1Q5 

GCC TTO 
Ala X£U 
200 



OCT 
Arg 



TTT 
Ebe 



gag TCT 
COn Ser 



GAT GAG 
Asp Glu 



Ala Pro Thr Thr vai Pro Ala pro 



Gin Ala 
230 

ACC GAG 

Sir Glu 

245 

TTC GCG 
ftM Ala 



GG6 

Oly 



Thr Gin Aap Lau Ala 



GCC CCC 
pro 
220 

CIG Gd 
Lau 
235 



CIG GAG AAA CAG 
Leu Glu lys Gin 
190 

CTG CTG ICG ATC 
Leu Leu Trp I La 
205 

GCT GOC GAG CAC 
Ala Ala Gla Els 



GAS CGC 

Gla Arg 



CAG 

Gin. 
250 



GAC AAG 
Asp Ijy* 



CAG GAG 
Gin Glu 



AAC CCG 
Asn Pro 



TTT GOC ACC 

Phe Gly Thr 



GAT GTG GTG 
Asp Val V«l 
340 



val val 
210 

AAT ACC 

Asn Ser 

325 

GAC ATA 
Asp Xla 



Pro 

GCC 
Gly 

GCC 
Ala 
295 

Gly 



GAG 
GlU 



TAT 
Tyr 



AAG GCT i 
Xtf9 Ala I 
265 

TCG ACC 
Ear Thr 

2*0 

TAC ACC 
Tyr Thr 



AAC CTG 
Aan Leu 



val 



TAT 
Tyr 



CTG ATC 
Leu lie 



GGC ATI 
Gly Tie 



CAT GTT 
Bis Val 



CAC TGG 
Hi* Trp 



TGG AGO 
Trp Ser 
270 

AAC GGC 

Asn Gly 

2S0 

GGC TTC 
Gly Lau 



TOC TOG 
Gar Bar 
240 

GGC GGC 
Gly Gly 
25S 

ACT CGC 

Thr Arg 



CCA CAG 

Pro Gin 



CAT GGC 
His Gly 



AAT ACC OCT TTT GOC TAT 0O8 ATC GTA 
Asa Thr Pro The Ala Tyr Pro Lie Val 
315 320 

ATE OGC TGG GGG GOG ACT GCT GGC CCG 
lie Ala Trp Gly Ala Thr Ala Gly Pro 
730 335 

CAG CAA AAA TTG AAC CCC TOG OST GCC 
Gin Glu lys lau Asn Pro Ser Arg Ala 
345 350 



576 



624 



672 



720 



769 



616 



913 



960 



iooe 



1056 
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17 



(10) 



ftH^ - 2 2 8 0 7 3 



IB 



GAT CM TAC 

Asp cln Tyr 
36S 

CAA COT ATC 

Glu Arg lie 

370 

OGC 'AOC GTC 
Ary Thr Val 

GCC SAC AOC 
Ala Tyr Sor 



TOG TTC AAC 

Trp ms Asn 



CAS CTA CCC 
filn vol nc? 



AAT 



CCT 
Gly 

373 



GCC TGG 

Ala Trp 

360 

CAC CCT 
Gin Ala 



CTA GCC TGG 
Liu Ala Trp 



GAT CAA. GCC 
Aap G1a Ala 
435 

AAG CRC GOC 
ty ■ Eia Gly 
450 

CCT GCC GAZ 
PXO Ala Asp 
465 

GAG TGG CTG 
GCLu Trp Leu 



CAC GOC CCT 
HJU cay Pro 
390 

AAC AAA CCC 
Lya Iys Arg 
405 

TTG AAC GTG 

Leu Asn val 
420 

AGO AAG ATG 
Scr Lya Met 



ATG CAG 
Met Gin 



r Trp Asp 



Ala 



GCG 
Ala 



AAT ATT GST 
Asn Us Gly 



CAC UAC ATC 

Gin Asp TXa 
470 

GGC ATC AAG 
Gly He Lys 



TAT 

Tyr 

485 

CGT 
Arg 



AAG GCC 
Lya Ala 
428 

ATT TOG 
lie Ser 

440 

GTC TOG 

Val 6er 



GTC CCT I 
Val Fro J 



OGC ACT ATG GAG CAG CGC AAG 

Arg tat Met clu Gin Arg Lye 

365 

CAT CCC CAA ATC AOS ATC TCG 

Aap Arg Glu Mot Thr lie Trp 

380 

TTT OA* TAC GAT CAG GGC CCG 

PJ» Asp Tyr Asp Gin Gly Ala 

393 400 

CGC TAT GAG GTG CAG TCC TTG 
Gly Tyr Olu val Gin ser Leu 
410 415 

CGC AAC TOG ACC GAG ITT CT3 
Argr Asn Trp Thr Glu Hi* Leu 

430 

ATC AAC TGG TAC TAC GCC CAC 

lie Asn Tip Tyr Tyr Ala Asp 

44S 

CCG GCC TTC CTG CCC CAG CGT 
i*ro Ala Fhe Leu Pro Gin Arg 
460 

■ AAG GGC GAT CCC ACC KtQ 
Lya Gly Aap Gly &er K&t 

ATS 4BO 



TTC GAC 
F&a Asp 



CCA CCC CAG GGC TAT CTG GTC AAC TCG 

Pro Pro Gin Gly Tyr Lou Val Asn Trp 

500 505 

AAA ACC AAT ACG GAT ACT TAC TAT TGG 
rya Thr Asn Thr Asp Thr Tyr Tyr Trp 
515 520 

GAA CTG GTC ACT CAG TAC CAG CAC AAA 

Glu lmi val sar Gin iyr Gin Gin Lya 

530 333 

ATC TGG GAG TTC AAT CAA AAA GCC TCC 
He Trp Glu Phe Asn Gin Lya Ala Ser 
545 550 



GCG ATT CCC AAA GCC TAC AAT 
Ala lie pro Lya Ala Tyr Asn 
490 495 

AAC AAC AAG CCT GCG CCG GAC 
Asn Asn Lys Pro Ala Pro Aap 
510 

ACC TAT CGC GAC CGC ATG ART 
Thr; Tyr Gly Asp Arg Mot Asn 
525 

CAC CTG TTC ACT GTG CAG GAC 

Asp Leu Phe Ser Val Gin Gin 
540 

TAT ACC GAT GTG AAC TGG CGC 
Tyr Ser Asp Val Asn Trp Arg 
555 560 



1104 



1152 



1200 



129* 



1344 



1440 



1336 



1304 



1632 



1680 
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19 20 

MUXhl <!**) 



TAC TTC CGC CCA CAT CDS OA AA6 CTG GCG CAA CAG CTG CCS COC GAG 172 B 
Tyr FJuo Arg Pro Kia leu Glu Lya Lou Ala Gin Gin Leu Pro Ala Asp 
565 570 375 

GAT AGC AGC AAA GOG GOG CTG AOG ATG TTG CTC GOC TGC OAT GGA ATG 1776 
Asp S«T Ser Ears Ala Ala Leu Thr Mat Lau Lau Ala Trp Asp Gly Met 
580 585 £90 

GAA CAG GAT CAG GGA GGC CAA AAT GCC GGA COG GOG OGS GOT CTC ITC 1324 
Glu Gin Asp Gin Sly CLy Gin Aen Ala Gly Pro Ala Ax? Val Leu Hie 
595 600 605 

AAG ACC TOO CTG GAA BAA ATO TAC AAG CAG CTC TIG ATG CCO QTG GTO 1872 
Ly* Thr Trp Lau Glu Glu Mat Tyr lya Gin Val Leu Mat Pro Val Val 
(10 615 620 

OCT GAA TOG CAT COC GCC ATO TAT AGC CAG ACT GST TIT GCC ACS CAG 1920 

Pro Glu Sar His Azg Ala Hat Tyr Ser Gin Thr dy the Ala thr Gin 
625 630 635 £40 

CAA GOT COC AAC COC GCT TOC ATC AAC TTG AGC ATG GGC ACC AAG GTC 1968 
Gin Gly Pro Asn Pro Gly Ser He Aan leu Ber Met air Thr Lvb Val 
845 650 655 

TEG TTG OCT GCC TTG GTG CTG GAA GCC CAT CCC GMT COC AAG COT GTG 3016 

L6U Lau Arg; Ala leu val leu Glu Ala His Pro Asp Pro lys Msg Val 
660 665 670 

AAT QTC TIT GGT GAG OCT TCS TCT CAG GAA ATC ATS CAC RCA OCT TTG 2064 
Aan val Fha Gly Glu Arg Bar sar Gin Glu Tie Met Hla Thr Ala Leu 

573 680 685 

CAA AAV GOG GAG GCC CSC TTQ AGC CAG GAG CAG GGC GCT CAG AXG GCG 2112 

Gin Asn Ala Gin Ala Aig Lau sar Gin Glu Gin Gly Ala Gin Ttet Ala 
590 655 708 

5**^ 22? 'XGG CTC CAT OCT TTC AGC CAC AAG AAC TIC 2160 

Arg Trp Thr Hot pro Thr Sar Val Hla Arg Sar Aap rya Aan E4» 

705 710 7J.5 720 

ACS GGA ACC CCG CAG AOS ATS CCT GGC AAT ACC TTT GCC TTT ACC GCC 2208 

Star Gly Thr Pro Gin Thr Met Pro Gly Asn Thr Pba Ala Hie Thr Gly 
725 730 73a 

TAT CAG AAT OGA GSC ACS GAA AAT AAC CCC CTG CTG TTT GAT GCC AAG 2258 
Tyr Gin Aan Arg Gly TAT Glu Aan Aan Arg Val Val Fh» Aap Ala Lye 
740 745 750 

GGC GTG GAG TTC TGC GAG GCC ATG CCG CCC GGC CAA AGC GOT TTC ACC 2304 
J*ly Val Glu The Cya Asp Ala Met Pro Pro Gly Gin Sar Gly Pho Thr 
755 760 765 



GAC COC AAT GGA GTG CGC AGC CCG CAT TAT GAS GAT CAG CTG AAG ITS 2352 
Aap Arg Asn Gly Val Ang Ser Pro His Tyr Glu Asp Gin Lai Lys Leu 
770 775 7B0 

TAG GAG AAC TTC GAG TGC AAG ACG ATG GAT GTG ACC CAT GCG GAC ATT 2400 

Tyr Glu Aan Ph* Glu Cys Iy» Thr Met Asp Val Thr His Ala Asp Xlo 

785 790 193 BOD 

CGT COT AAT GCG CAA AGC AGC ACG ATG CTG TTG ATT CAG OCT CAG OCT 244B 
Arg Arg Asn Ala Gin Ser Ser Thr net leu Leu lie Gin pro Gin Pro 
805 810 815 
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(12) WfS¥4 - 2 2 8 0 7 3 

21 22 

mvs u * h 2 

EH*: I24£»*f 

bp 35-40 =--35" fS« 
b5 57-62 -'-LO- 

bp 110-114 - VffrXtoj | U 



GAATTCG&GC TOMCITAC TOOCCAXCCC CCTOnCACA AOTUCTWC OGCTDCTATA 60 
ATCTCTGGWl 1TGTCAGCGG OU^CAfiGAA ACAGGATGCA AG3AAAAACA 130 

124 

EH***'*: 7 ? U** V V 

«: -** 

htfn SIS 

»*; fa» 64-88 -"-35* 
bp 107-1J2 ="-10" 
bp 134-139 = i> W U f toft Si, J 



GAATTCAAOa CGC&CTOOOG TTCTQGATAA TOTTTPTIBC GCCGACRTCA IAACGGTTCT 60 
GGCAAATATT CTGAAATGAG CTGTTGACAA TTAATCKECG AAXTIAOTTAA CTAGT&OGCA 120 
AGTrCATOTA AAMUSGACC3X ATOGACATOT C 1S1 
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(13) ftffi¥4 - 2 2 8 0 7 3 

23 24 

bp 23-28 ='-35" fStt 
bp 43-51 -"-10* ffltt 
bp 100-103 = V*-f > 9 frit n, J p7fi 
fefefc: ^0^-^-«tt(pfa«/D*-^-) 



CAATTCGATC CCMAfcAACT ACTTCaWgr . TOCGSAAftCC ClGTCTAGflG TTCTACCTGC 60 
ATCTGAAISG AGCECGOTAC CWEECTGTTT GCTTOCATTC AGGTTCCATCA TATG 114 

SPJHa.S 
fl: -*« 

VJly* 
«»: bp 2S-28 ="-35- 
bp 46-51 ='-10 p 

bp 92-95 = ^+-f V^/Wjtf^J lac ifft^ 



CAATTOBATC GCAASAAA3T ACTTCCAAGT TOCOShAAOC CTGTCTAGAC TTCTAQC3FGC 60 
ATCTGAATGG AGCTOGGTftC CCGGGGATCC AftGGAWVAAC ATMT3 1QS 



[0M<B«#3MftM 

[01] Bllt A, f a e c a 1 i s ^— ->U >G 

-h* ite^^co^siftfiH s^-r. pafi^ 

[02] 02WU ^X5HpMcTNde©iifi^ 
[03] H3(l ^^HpMCTAFlAOiS^ 



40 



[04] 04 it t a c :/P^— ^-cpflffig^T. 
[05] 0 5tt, t rp ^n^^j^^t, 
[06] 06ft ^^5HpKTAFA©iS^ 

r. 

[07] B7», p 7 8 ^D^-^-OflEg^T. 
[08] 0811 p f 3 :/a^-*-oflfcg£^rro 
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[05] 



[06] 



trp-P 



<SS1 bp»l 



I ' ' ' I ' ' ' 1 ' 1 1 I 1 1 ' I 



I ■ ■ • I • ■ ' I 

-10 trp S.D.mtf.1 



i.,,r,MP,-.rM,r.MrfMffMf:. 
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p78-P 



<U4 bp»l 



I *»] teal 

I I I - 



-3» pf3 pf3 



3D.p78 



J_J_ 
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(16) ttH¥4 - 2 2 8 0 7 3 



(tea t*>»> 



EcoftJ 

I r . ^LZLJ ~" i 



I final 



-35 pl3 -as pfa ».«.*. 3.0. Uu 



i i m l » i r. . i n t . r» ■ . n 

<51)lnLCl. 5 HNB* J?rt3£g#*f FI ^fg^«9f 

C12R 1:19) 

(C12N 9/84 

C12R 1:05) 

(C12N 1/21 

C 1 2 R 1:05) 

(C12N 15/55 

C 1 2 R 1:05) 
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